portion of the first covering layer; 

a third covering layer of semiconductor material of 
heaVily doped first electrical conductivity type having a 
top sVrface and being contiguous to and partly overlying 
the top, surface of the second covering layer, where .a 
portion 6f the second covering layer is heavily doped and 
this portion extends vertically upward through the third 
covering layer to the top surface thereof and forms an 
exposed pattern of the second covering layer in the top 
surface of the, third covering layer, and where the maximum 
depth of the heavily doped portion of the second covering 
layer relative t\> the £6p suM-ac^e of the third covering 
layer is a depth i^; 



a trench having 
extending verticall 
third covering layer 
layers and through a 
covering layer, wher< 
relative to the top s 



side walls and bottom walls and 
downward from the cop surface of the 
hrough the third and second covering 



Lrfa' 



1 of, the first 



rtion of, but not a. 

trench has a maxdlmum depth 
e of the third covering layer 



equal to a second dep 
the trench in horizont 
polygonal stripe, and 
laterally surrounds andi 



and d 



1 cro\ 



sect 



lere this 



spaas 



than d x , where 
ion is approximately a 
ygonal stripe 
d apart from the exposed 



pattern of the second covering laver at the top surface of 
the third covering layer; 

a layer of oxide positioned within the trench and 
contiguous to the bottom walls and sioe walls of the 
trench so that portions, but not all, o\ the trench are 
filled with the oxide layer; 

electrically conducting semiconductorVnaterial , 
contiguous to the oxide layer and positioned within the 
trench so that the oxide layer lies between the\ 
electrically conducting semiconductor material ai\d the 
bottom and side walls of the trench; and 



/ 
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three electrodes that are electrically coupled to 
the electrically conducting semiconductor material in the 
trench\ to the third covering layer and to the substrate, 
respectively; 

wherein the difference d 1 -d 2 of said first and 
second deptns d x and d 2 is sufficient to force junction 
breakdown away from the. trench and into the heavily doped 
portion of the ^second^eoscering layer. 



31. A trench DMO, 
said trench comprises rfc' 
said bottom surfaces and 
said top surface of said 
side surfaces of said t 



tjransistor celr^as in Claim 31, wherein 
ded edges of oxidized material, where 
skid side surf aces\ of said trench meet 
thxrd covering layer and where said 
ch meet with one another. 



32. A trench DMOS turansistor ce^f, comprising: 
a substrate; 

an epitaxial layfer above the substrate; 
a trench in the epitaxial la^er, the trench having a 
predetermined depth d^; and 

a body region in the epitaxial ^ayer, the body 
region having a predetermined maximum depth c^-^, 

wherein the depth 6^ is less than the depth d max , 

and 

wherein the difference between the deptn^ and 
the depth is sufficient to force junction breakdown 
awow from the trench and into the epitaxial ilay^rX 

23 . A trench DMOS transistor cell as in Claim ^rf, wherein 
the substrate is of a fyyst conductivity type, the epitaxial 
layer is of said f irs^(^onductivity type and the body region is 
of a second conduct ivijfc^ type , 
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I I A trench DMOS transistor cell as/in claim wherein 

the epitaxial layer has a top surface and/the body region 
extends from the epitaxial layer top surface into an upper 
portion of the epitaxial laydr. 

jg£ . A trench DMOS transistor ceAl as in claim X wherein 
a source region is formed in said eg/ttaxial layer. 

fl / ii 

^> . A trench DMOS transistor/ cell as in Claim i4 wherein 

a ^oavily doped epitaxial region partially covers the body 
region . 

2° / 'I 

yf. A trench DMOS transistor cell as in Claim $6 wherein 
the body region includes a heavily doped body region extending 
upward through the heavily do »^\ypitaxial region and forming 
an exposed pattern at the ep^tax^ai layer top surface. 

l\ I l b 

2$. A trench DMOS transistor cell as in Claim 3^ wherein 
the trench surrounds the exposed pattern of the heavily doped 
body region. 

Ik I />' 

Jg§ . A trench DMOS /transistor cell of Claim J^wherein the 
trench has side walls, said DMOS transistor cell having an 
oxide layer on said trench walls; and wherein said oxide layer 
is etched to create rounded corners in said trench. 

I Is 

. A trench ukos transistor cell as in Claim further 
comprising a gate oxide layer within the trench. 



i 



A trench/ DMOS transistor cell of Claim further 



comprising electrically ^^^ ct:i - ng material contiguous to the 
^oxide layer, wherein the^xide layer is located between the 
electrically conducting material and the trench. 
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l0 ^. A trench DMOS transistors/as in Claim further 



comprising: 



a first polys il icon/layer on a portion of said^gxide 
layer; 

a second Qxid^layer on a portion of said first 
polysilicon lay^ 

a second ni^Jysilicon layer on a portion of said 
second oxide Aayer; and 



a metafi. layer wherein said j&evo afr polysilicon layer 
extends £^om the trench to a field region creating- an 
electrLcal contact to the metal layer and providing 
conti/uity from the metal layer to the trench. 



43. A trench DMOS transistor 
comprising an electrical contact 



sll\as in Claim 32, further 
(gate region, the drain 



region and simultaneously to the boq>>-^e^ion and the source 



I region. 



is 



/ 



trench yMOS transistor cell as in Claim wherein 
a horizontal cro^sVsection of the cell has a polygonal shape. 



45. A trench DMOS transiS 
ta horizontal cross section of 
circular shape. 




cell as in Claim 32 wherein 
cell has a substantially 



v -^6 . A transistbr, comprising 




a first regie 
a second region^ 
said first region; 

a third region of 
that said first and thiJ 
second region; 

a trench through said third \nd second regions; and 



st conductivity type; 

conductivity type over 

conductivity type such 
ns are separated by said 
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a gate in s^id trench; wherein a portion P of said 
second region, whicnNpdprtion^s spaced from said trench, 
extends deeper than sai£k trench so that, if a 
predetermined voltage is ap^liVd to said gate and to said 
third region and another\ determine d voltage is applied 
to said first region, an avalanch^ breakdown occurs away 
from a surface of said trench. 



Jl# . A transistor as in claim wherein said portion P of 
said second region is doped heavie/ than another portion of 
said second region which port ion /is adjacent said trench. 

f\ 1 * 

yS. A transistor as in tflaim wherein said first region 
comprises a first portion anfl a second portion over said first 
portion, said second portijm being lighter doped than said 
first portion. 

36 AY ^ 

A^r. A transistor/as rn Claim >6 wherein said avalanche 

(breakdown is a reach -/:hrough breakdown across said second 
portion. 

5^. A transistor as in Claim >Jr€ wherein said portion P of 
said second regipn extends deeper than said trench by more than 
0.5 /xm. 

A /ransistor as in Claim fyti further comprising an 

insulator between said surface of said trench and said gate. 



ft 



52. A transistor, 

a region of a fi 
a second region o 
said first region, said 
than said first region; 




ismg : 

ductivity type; 
ifirst conductivity type over 
,d region being lighter doped 
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